Section 1 -Introduction
Between 2001 and 2010 three rugby league teams were found to have significantly and intentionally violated the salary cap in one of Australia's most popular professional sports. Each case of salary cap violation occurred during a mutually exclusive time period and the extent of the violations ranged from $300,000 to just over 1 million Australian Dollars (AUD). As a percent of the salary cap, the violations ranged from 8% to 26% of the salary cap in the period the violation occurred. The most recent case of salary cap violation by the Melbourne Storm culminated in penalties that included the stripping of two premierships (competition wins), having to pay back $1.1 million AUD prize money and being fined $500,000 AUD.
Since 1990 professional rugby league has had multiple ownership structures but some form of salary cap restriction in place. The period between 2001 and 2012 was under the administration of the National Rugby League (NRL) with Ian Schubert acting as Salary Cap Auditor. The NRL website states that there are two functions of a salary cap; these being: -the spread of playing talent, and -to ensure that teams are not forced to spend more than they can afford. Upon the announcement of Ian Schubert's retirement in December 2013, the NRL released a news article that noted many of the goals that the NRL has stated the salary cap achieves. The era of the salary cap and the NRL organisation was noted to be associated with "unprecedented excitement in terms of the closeness of the competition and the genuine hope fans had that their team could win on any weekend." (NRL, 2013) Having noted improved within season competitive balance, the NRL also commented on between season competitive balance with the statement that "over the past 15 years the NRL has seen nine different Premiers, while 12 teams have reached the top-four in just the last five years as a result of the Salary Cap." NRL (2013) 4 improved the competitive balance within the competition. The negative impact of the indicator used to capture changes in the salary cap implies that some effect may be present, but for conclusive results further research is needed. Breaches of the salary cap are found to have led to a statistically significant positive impact on the probability of a home team win for both the Melbourne Storm and the Canterbury Bulldogs. In the period between 2006 and 2010 the probability of a home team win for the Melbourne Storm has been estimated to increase by between 16.8% and 27% for an additional $1 million AUD of salary cap violations, when the level of salary cap violations have been accounted for and teams are almost evenly matched in terms of quality.
The impact of these violations remain statistically significant even when additional factors are Auditor were insufficient or that successful talent identification meant that a range of young players played above the potential that their contract amounts implied. The three phases of the 'salary cap rorting' identified by the Salary Cap Auditor implies that the latter is true and that a mix of undiscovered potential in salary negotiations before 2007 and player retention after a premiership win are an underlying story of the Melbourne Storm salary cap violations.
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Having introduced the analysis, section 2 will provide some background on the rugby league competition within Australia with a specific focus on: -home team advantage across teams and stadia type, -the changes in the salary cap level, and -the extent of the salary cap violations that occurred between 2001 and 2010. Section 3 will then introduce the multivariate analysis that allows for the calculation of an econometrically derived probability of a home team win, subject to key factors included within the regressions, which include team quality (as reflected in competition points and the point difference accumulated during the matches), home team advantage (section 3.1) and the salary cap breach amount (section 3.2). Section 4 will conclude the report.
Section 2 -Background
Having introduced the report and the motivation for the analysis, this section discusses the relevance of reviewing home team advantage and salary cap violations using a database sourced from the Rugby League Project website, http://www.rugbyleagueproject.org/. The aim of the Rugby League Project is the collection and presentation of the full details of all notable rugby league matches. Rugby league is a contact sport that became professional in the north of England in 1895 and appeared in Australia in 1907 with a range of 'foundation clubs' being established within the cities of Sydney and Newcastle in the State of New South Wales in 1908. In Australia the sport originally broke away from rugby union due to a lack of compensation for time spent away from work and has developed distinct rules.
Most notable of these are the reduction of the number of players from 15 to 13, a change in the number of points accrued for a try and a field goal or penalty goal, as well as the abolition of mauls and lineouts. The major professional competitions are still located primarily in Australia and England, with the addition of New Zealand making up the three strongest international representative teams.
In July 2008, NRL Chief Executive David Gallop claimed that the salary cap was fundamental to the sport. In his own words, he stated that "it's a foundation stone of the competition and if we were to have a competition without the salary cap, a competition based on pure purchasing power, then a few of our clubs, a small number, would be in a position to buy the best players." (Jancetic, 2008) In addition, he noted that "we would have a lopsided competition and ultimately clubs would be under financial pressure to survive." (Jancetic, 2008) Arguments that the salary cap constitute a restraint of trade have been countered by claims that players sign knowing that a cap is in place, that the cap is set to a level that the individual teams can afford and that higher player payments would not occur without the cap in place (Jancetic, 2008) .
In addition to controlling costs and promoting competitive balance across teams, the problem of maintaining financial viability of teams is also another motivation for the salary cap and has been claimed to be "the only (one) of the cross-subsidization schemes currently in use that can be expected to accomplish this while improving competitive balance in a league." (Fort and Quirk, 1995) It should be noted that an alternative to reviewing competitive balance is a focus on social welfare, such as that conducted by Dietl, Lang and Werner (2009) due to the contention that competitive balance is a poor proxy for social welfare. And while this is an important issue, the focus on competitive balance in this report is driven by the statements of the NRL on the achievements of the cap and our focus on the impact of salary cap violations. The importance of competitive balance is noted in Dietl, Lang and Werner (2009) and is identified as being related to the uncertainty of outcome hypothesis where fans prefer to attend games with an uncertain outcome and that a weak team produces a negative externality on its stronger competitors. This echoes the statement by the NRL that it "believes that if a few clubs were able to spend unlimited funds that it would reduce the attraction of games to fans, sponsors and media partners due to an uneven competition". (NRL, 2012) 
Home Team Advantage
Ever since the establishment of the 'foundation clubs' in 1908, the centre of rugby league in Australia has been in Sydney. While the sport has expanded to include teams from Queensland, Victoria and New Zealand; the majority of teams are still located in the area surrounding Sydney. Of the 16 teams in existent in 2012, 8 of them are located primarily in Sydney, and as a result the competition provides an interesting example for an analysis of home team advantage. Distances of travel between Sydney teams are minor and a range of teams share the same stadiums due to centrality to the city and guaranteed income from holding a match at certain stadiums. Four Sydney teams share stadiums with a different level of regularity. As shown in Table 1, between 2001 and 2012, 114 games were played at a shared Sydney stadium with the co-sharer. In these cases, we hypothesise that the main difference should be whether the team uses the home or away change room with some auxiliary changes to the 8 control of schedules or use of the field for training purposes, and yet, we find that there is a difference in the probability of a home team win in such cases (as shown in Figure 2 and 2012. Note that the percentage of wins has been used as a measure of competitive balance since Scully (1989) . Annual win-loss ratios have also been used widely in the literature and we rephrase this indicator as the win percentage; however the reader should refer to Humphreys (2002) for an interesting discussion of competitive balance and the development of a competitive balance ratio. A commentary by Fort & Maxcy (2003) should also be referred to as a useful summary of the literature on competitive balance up until that point in time and also presents an interesting discussion on whether one indicator should be preferred to another.
With Table 1 Of interest to the discussion concerning home grounds, the home team win percentage is broken down into the six home ground categories with the Stadia rank provided at the bottom of the table. In terms of rank, an unshared stadium has the highest home team win percentage (60.87%), followed by a shared Sydney stadium against a team which also shares the stadium (57.02%), a traditional Sydney ground against a team not from Sydney (56.76%), a traditional Sydney ground against a team from Sydney (56.59%), a shared Sydney stadium against a team who doesn't share the stadium (52.04%) and then a marquee stadium (45.12%). These percentages can be compared to the overall home team win percentage of 57.49%. Note that these win percentages are the raw figures from the data and no allowance for team quality has been made at this point of the analysis. What we can gather from these numbers is that an unshared stadium has the highest win percentage and this may be related to these teams being far from others as these stadiums tend to be the home grounds of single city teams. Single city teams such as Melbourne, Brisbane and New Zealand all have win percentages higher than the overall rate of home team wins (57.49%). The Canterbury Bankstown team is located in Sydney, but used an unshared stadium called Sydney Showground during 2001 to 2005. During this period, a notable success rate of home team wins accrued and equate to a win percentage of 66.67%. Counter to intuition, the second highest win percentage is attributed to a shared Sydney stadium against a team who also shares the stadium. This may be due to crowd support in a 'local derby' style match whereas the home side gains more supporters due to promotion of the game and the location of member seating allocations. Alternatively, it could be due to scheduling of these matches and whether they are against superior teams. Note that the analysis in section 3 will make adjustments for the opponents' quality with indicators of how well they have been progressing during the season.
Note that matches at a traditional Sydney home ground have been associated with improved success due to beneficial crowd support. In March 2014 a Sydney newspaper reported that once you exclude the Melbourne Storm in the period between 2007 and 2014, "the top three most successful home ground advantages all belong to suburban grounds -Manly at Brookvale (73%), Wests Tigers at Leichhardt (64%) and St George Illawarra at Jubilee (63%)." (Walshaw, 2014) On the matter of home ground advantage at Brookvale Oval the same report quotes a Manly player who states that "the crowd, the atmosphere, the way we lift because of all the history here . . . I can understand why rival players don't find any of that ideal." (Walshaw, 2014) In this section, we have defined some of the background on home team advantage in the NRL related to stadium type, however we also refer the reader to section 3.1 as it will review the types of stadium that give a statistically significant advantage after key factors, such as team quality, are allowed for. Note: colouring from green to red reflects the relative difference between the highest and lowest observations. This colour scheme is used in three cases as highlighted with the grey, blue and purple backgrounds. Number of games is shown in italics.
Salary Cap Level and Salary Cap Violations
Having discussed home ground advantage across a range of stadium types, the analysis now turns to a review of the salary cap levels and the salary cap violations that were found to have occurred during the period reviewed.
Salary Cap Level
Within Table 2 (Riccio, 2012) . In addition, the West Tigers were reported to have opened discussions on re-negotiating a player's contract as it contained a clause allowing for a renegotiation following any increase in the salary cap (Jackson, 2013) . Table 2 include the introduction of the salary cap in 1990, the Super League war in 1997, the formation of the NRL in 1998 and then three periods where teams were found to have violated the salary cap to a notable extent for a sustained period. Also included in Table 2 are the amounts with which each team was found to have breached the salary cap.
Salary Cap Violations
Between 2001 Having briefly noted the history of major salary cap violations in the NRL, section 3.2 will investigate whether the teams identified in Table 2 had a notable and statistically significant advantage in the years that they were found to have notably circumvented the salary cap. In the case of the Melbourne
Storm the investigation will review whether the breaches in the salary cap fully explain the success of the team in that period. A notable result that is established is that the breach amounts reported by the 
Section 3 -Multivariate Analysis
Having discussed a preliminary review of the key factors addressed in this report, this section investigates these factors together using Generalized Estimating Equation (GEE) PopulationAveraged Probit Regressions. By utilising this regression technique, we are able calculate the probability of a home team win, subject to key factors included within the regressions. This allows for an assessment of whether such factors are statistically significant in determining differences in the probability of a home team win. Variables designed to capture differences in team quality are included in the regressions (refer to Similar quality is measured by the teams having had a similar amount of success in that season in terms of competition points and the aggregated point difference from the matches themselves. By imputing elasticities and probabilities with key variables set to certain values, we are able to capture the change in the probability of a home team win when the difference in competition points (Diff.
Comp. Pts) and the difference in aggregate points difference (Diff. Pts) is set to one unit. Hence, the probability of a home team win is calculated for the situation where the position on the competition ladder of the away team is only slightly higher than the home team (this equates to a scenario where the difference in success between the teams is a draw for the away team, rather than a loss) and that in all the games during the season up until that point the away team has only scored one more point than the home team (with respect to the aggregate amount that the competitors scored against the team in question). 
Home Team Advantage
Figure 2 reviews the results of the multivariate regressions in terms of the estimate probability of a home team win across the population reviewed. As previously noted, these estimates reflect the probability of a home team win when the home team and the away team are of a similar quality.
Before discussing the results of Figure 2 , it should be noted that the regression results are shown in the appendix of the report. Table 1A shows both the regression estimates and the marginal effect for 2012. Figure 2 reviews the econometrically derived probability of a home team win with respect to home team advantage. Overall, marquee and shared Sydney stadiums against a non-sharer have fared the worst with predicted probabilities below 50% in all but one year. The average probabilities estimated across the period were: 56.50% for unshared stadiums, 55.63% for traditional Sydney stadiums against Sydney based rivals, 52.34% for traditional Sydney stadiums against non-Sydney teams, 50.83% for the shared Sydney stadium against a sharer, 45.48% for marquee stadiums and 44.10% for shared Sydney stadiums against non-sharers. The order of the probabilities has changed in comparison to the percentage of home team wins in section 2.1 where the shared Sydney stadium against a sharer was the second most favourable stadium and this stadia type is now the fourth most favourable once certain factors have been accounted for.
However, it should be noted that the most dramatic change over time is that the probability of a home 1A show that with a 55.81% predicted probability that a traditional Sydney stadium against a non-Sydney team has the highest probability of a home team win when the two teams have had a similar level of success during the season. This is then followed by a shared Sydney stadium against the sharer (53.31%) and an unshared stadium (53.24%). All other stadiums have a predicted probability of less than 50% and hence are relatively unfavourable. Table 1A also presents the regression results for all teams in the NRL competition with the difference in points scored during the season and the number of finals wins being statistically significant with a 1% confidence interval. The difference in competition points and the relative size of the crowd in comparison to the largest crowd to have appeared at the stadium to that date (Perc. Highest Cwd) are significant with a 5% confidence interval. When marginal effects are calculated for 2012, most stadium types are statistically significant indicators for the probability of a home team win. None of the time trend variables and only one of the outlier variables are significant, but as the overall fit is statistically significant and the trends tend to fit the home win percentage shown in Figure 2 , we have kept these variables within the analysis.
Salary Cap Breaches
Having reviewed the impact of different home grounds on the probability of a home team win, the analysis now turns to a review of the impact of salary cap violations. As noted in section 2.2 there were three notable cases of salary cap violations across three different teams and three distinct periods of time. Within this analysis a range of factors are reviewed, including the salary cap violation being defined as either a dummy variable for the period concerned or as the level of the salary cap violation (with the incorporation of the monetary breach amounts into the regressions, as listed in Table 2 ).
Before focusing on the summary of the results shown in Figure 3 , it should be noted that the regression results are shown in the appendix of this report. Figure 3 for the estimated probability of home team wins with a dummy variable to capture the salary cap violations. Table 5A and 6A review the regressions conducted using the amounts by which the Canterbury Bulldogs, the New Zealand
Warriors and the Melbourne Storm breached the salary cap. Refer to the observations labelled with '_Viol. Lvl.' in Figure 3 for the estimated probability of home team wins with the level of salary cap violation incorporated into the analysis. Table 6A Table 3A and Table 5A show that the salary cap variables (both as dummy variables and as the level of the breach) are statistically significant, but as seen in Figure 4 , the breaches do not explain the peaks in 2002 and 2004. Note that the issue of matching contract payments to player quality is an issue for 2004 as many of the players took pay cuts to stay together and satisfy the salary cap with a similar squad of players (Walter, 2002; Mascord, Masters and Magnay, 2002 Zealand Warriors, 2004 and 2005 were the periods where the team was found to have been violating the salary cap and this coincides with a decrease in the probability of a home team win. As noted in Table 2, Melbourne Storm are likely to be driven by an unshared home ground, a talented coach, the discovery of a number of talented players at a young age, a captain who is known to be instrumental in the success of the teams he plays in (including the Australian and Queensland representative teams), and other auxiliary factors, such as training facilities and player development infrastructures. Indeed, the differences in the probabilities imputed within Table 2A and Table 4A, Table 5 is statistically significant within the regression and in doing so the salary cap breach amount variable becomes insignificant. Utilising a dummy variable for the salary cap breach results in the variable remaining significant and a similar probability of home team wins. Hence the formulation of the variable matters as the Player Ratio is still significant but numerically smaller -hence showing a correlation between the salary cap breaches and the number of games played by the players listed in Table 5 . Indeed, our interest in these results concerns the original talent identification of players and the desire to keep the player group together, rather than insufficient valuation of the breaches by the Salary Cap Auditor. Figure 4 shows the trends of interest for this discussion and compares the home win percentage to the representative player index and the amount of salary cap violations. As shown in
Player Name
Number The benefit of playing at certain stadiums has been speculated upon within the media and we can confirm that playing at a traditional Sydney stadium does provide an advantage to the home team.
This advantage tends to be stronger against a rival team from within Sydney. Table 6 with a comparison to the percentage of home team wins (sourced using the average of the untransformed and raw data). Table 6 also reviews the probabilities estimated for the most recent year reviewed, 2012.
The order of the probabilities is different to the percentage of home team wins as accounting for key factors notably impacts the ranking, for example, refer to the ranking (and appeal) of playing at a shared Sydney stadium against a team that shares the stadium. A probability of a home team win of 50.83% is estimated in comparison to the home team win percentage of 57.02% for a shared Sydney stadium with a sharer and is an example of the impact of accounting for other factors, such as team quality. A shared Sydney stadium against a non-sharer has been estimated to be the least favourable stadium across the period reviewed (2001 to 2012) with a probability of a home team win of 44.10%. Note that this slightly worse than playing at a marquee stadium (45.48%). In 2012 the probability of a home team win for a shared Sydney stadium against a sharer was 53.31% and the most favourable location was a traditional Sydney stadium against a rival from Sydney (55.81%). It should be noted that the most dramatic change over time is that the Statistical Significant -P Value: 1% -***, 5% -**, 10% -*. 
